Objective To identify the hospital admission data set that best captures the incidence of acute poisoning in rural Sri Lanka.
Introduction
Death from acute poisoning is a major public health issue in many countries. Most deaths are from self-poisoning with highly toxic pesticides, which globally account for the overwhelming majority of poisoning deaths and around one third of all suicides. 1 The problem is most widespread in rural areas of developing countries. 2, 3 This is true of Sri Lanka, where poisoning is among the top five causes of in-hospital deaths in rural areas. 4, 5 Although acute poisoning can be either intentional or accidental, Sri Lankan hospitals see few accidental poisonings and almost all admissions are due to deliberate self-poisoning. 6, 7 Continuous surveillance of cases of acute poisoning is important for planning and evaluating public health interventions. However, the methods required for such surveillance are potentially complicated, since the majority of poisoned patients present to small primary hospitals for initial assessment and care and are later transferred to secondary (referral) hospitals. 8 To date, most epidemiological studies in Sri Lanka have been performed in these larger referral hospitals, 9 as have nearly all hospital studies used to estimate pesticide poisoning rates elsewhere in the world. 1 Such studies may be subject to various forms of selection bias. On the other hand, official government statistics are usually a sum of the admission statistics from all hospitals. Since existing surveillance systems rarely allow data linkage to track patients transferred from primary to referral hospitals, transferred patients end up being counted twice. This obviously creates a bias that can result, for example, in an underestimation of the case-fatality rate. 8 Hence, it is important, especially in the developing world, to identify a good but uncomplicated strategy for accurately collecting data on acute poisonings and to estimate the magnitude and direction of the systematic bias inherent in various data collection methods. The objective of our study was to explore which of three of different data collection methods could deliver the most accurate estimates of the incidence of acute poisoning in a rural district of Sri Lanka.
Methods
For 17 consecutive months we collected data on all admissions of acutely poisoned patients to all hospitals with inpatient beds in Anuradhapura, a large rural district in Sri Lanka's North Central province. This included 34 primary hospitals and one referral hospital.
The data were collected as part of a cluster-randomized controlled trial (ISRCTN73983810) that was designed to assess the effect of a brief educational intervention about the management of poisoned patients in primary hospitals. The study established data linkage between the primary and referral hospitals to enable the follow-up of all transferred patients and validate the primary hospital medical record by means of direct interviews with transferred patients.
Anuradhapura district had a total of 820 000 inhabitants, 631 715 of which were above the age of 12 years in mid 2009. The district's land area represents about 11% of the national territory. 10 Demographically and socioeconomically its population is representative of rural Sri Lanka, and so are its health-care services.
10,11
All public hospitals with inpatient facilities in the district were included in the study.
The 34 primary hospitals are the first point of health system contact for the majority of poisoned patients, many of which are then transferred to the referral hospital, which has an intensive care unit with specialized staff and better stocks of antidotes and medication. The region has four small private hospitals, all of which were excluded from the study because they indicated that they never provided care for poisoned patients.
We collected data on all patients who were 12 years of age or older and who were admitted into study hospitals for acute poisoning from 1 September 2008 to 30 January 2010.
During admission, staff examined any traces of the poison ingested or the product label or bottle and obtained a history from the patient or the patient's family. They also made note of the clinical symptoms to support the diagnosis, and all details concerning exposure, clinical assessment, case management and clinical outcome were recorded for each patient by the treating medical staff. In primary hospitals these records were kept aside for several weeks for later retrospective extraction of data by trained research assistants using a structured data collection form. All data were entered into an Access (Microsoft, Redmond, United States of America) computer database. Admission log books were checked in each hospital to ensure that all cases were identified and traced. Data entry quality was also validated by comparing the data collected for patients transferred to the referral hospital with the data appearing in the records.
At the referral hospital, all patients who were admitted (either directly or as a transfer from a primary hospital) were examined and interviewed by study physicians during admission. Data on the patients' demographic profile, poison exposure details, history, clinical assessment, management and outcome were prospectively collected and entered into a study database.
The Sri Lankan health system has no unique patient identifier. We identified patients who were transferred from primary hospitals to the referral hospital by using a data-linkage 
Statistical analysis
We obtained data for each unique patient through the labour-intensive process earlier described, as it was considered to reflect the true incidence of acute poisoning in the study district over the study period. The census population above 12 years of age in 2009 was the denominator used to calculate the incidence of acute poisoning and the population rate of death from acute poisoning. We then compared the incidence "observed" using three different possible admission data sets against the most accurate patient admission data set considered to be the most accurate, namely, the sum of all admissions to primary hospitals and to the referral hospital, minus all inter-hospital transfers. The three data sets were:
(i) all admissions to primary hospitals only;
(i) all admissions to the referral hospital only, both direct and referred from a primary hospital;
(iii) the sum of all recorded admissions to primary hospitals and to the referral hospital ("all admissions," routine method used for government statistics, which counts referrals twice).
For each data set we calculated the incidence of poisonings and case-fatality rates, both overall and for selected subgroups based on demographics and poison type. We calculated exact 95% confidence intervals (CIs) for estimated proportions. We compared the "true" data with each of the three admission data sets by examining the difference in patient numbers and the ratio of estimated proportions and by determining if the "true" value was included in the CIs. All analyses were conducted in Stata version 11.0 (StataCorp. LP, College Station, United States of America) and graphs were produced using GraphPad Prism version 5.0 software (GraphPad Software, La Jolla, USA). 
Incidence of poisoning
In total, 3813 poisoned patients (above 12 years of age) were admitted to the hospitals in Anuradhapura district during the 17-month data collection period. The overall annual population incidence among people above 12 years of age was 426 per 100 000, while the annual population incidence in females was slightly higher than in males (450 versus 408 per 100 000, respectively). In-hospital deaths totalled 177, and the annual population mortality rate for acute poisoning was 19.8 per 100 000 for the population above 12 years of age.
Most poisoning admissions (97%) were deliberate self-poisonings; only 3%
(119/3813) were accidental poisonings. These occurred mainly while spraying or preparing pesticides, as accidental ingestions, or as a result of medication dosing errors or food poisoning. No deaths were recorded in this group.
Of the 3813 patients admitted for acute poisoning, 3111 (81.6%) were initially admitted to primary hospitals, and 2287 (73.5%) were subsequently transferred to the referral hospital. Direct admissions to the referral hospital totalled 702 (18.4%). Thus, a data set composed of all hospital admissions resulted in the double counting of more than half the patients, whereas each of the two other admission data sets underestimated the incidence by about 20% (Table 1) . patients -8 females and 13 males. These patients were not included in age-group comparisons.
Observed age, sex and poison
Despite the double-counting or under-counting of admissions, all admission data sets were approximately similar in sex and age distribution ( Table 2, available at: http://www.who.int/bulletin/volumes/90/##/##-######). Minor errors were noted (all less than 20%) in the estimated proportion of different types of poisoning (Table 2) .
Variation in mortality and case-fatality
The case-fatality rate among patients admitted to primary hospitals and not transferred was low (1.9%); the case-fatality rate among transferred patients was comparable to the rate observed in patients directly admitted to the referral hospital. This suggests that primary hospitals correctly identify nearly all high-risk patients and transferred them appropriately (Table 3 ). The best estimate of the actual number of deaths was provided by the "all Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.11.092114
Page 6 of 16 admissions" data set, but most deaths (161/177) were found in the data set of admissions to the referral hospital exclusively (Table 3) . Only two patients died during the transfer to the referral hospital.
Admission data sets for the primary hospital only and the "all admissions" data set substantially underestimated overall case-fatality. The best case-fatality estimate was provided by referral hospital admissions data ( Fig. 1 and Table 3 ). This was also true for the case-fatality rates pertaining to specific types of poisoning (Fig. 1) . The "true" case-fatality rate falls within the CI of the case-fatality rate derived from referral hospital data (Table 3 ).
Discussion
The developing world bears a disproportionate share of the global burden of suicide by poisoning. This is largely because the agents commonly ingested in cases of self-poisoning in these countries, such as pesticides, tend to have higher toxicity. 1 However, the types of poisons used in deliberate self-poisoning and their lethality vary substantially in the developing world. Epidemiological data are important because they provide information used to plan and evaluate public health responses. In this paper, we have demonstrated that in a rural district in Sri Lanka the simplest approach is to use data on admissions to the referral hospital, which is not only reasonably representative of poisonings in the entire district but also more accurate than any other hospital admission data set that does not track transferred patients. The public health structure and referral patterns in most of rural Sri Lanka are similar. Thu, we believe that our findings apply to all rural districts in Sri Lanka. The use of referral hospitals for toxicovigilance is more convenient, less expensive and better suited to detailed prospective data collection than other methods. Our findings also help to validate the results of previous studies in rural Sri Lanka based on the use of data for acute poisoning admissions to referral hospitals. 8 The potential limitations of the suggested method of toxicovigilance need to be considered. In this study primary hospital data were collected retrospectively from patient records by research assistants within 3 weeks of admission using a structured form. We verified the completeness of case-finding by comparing the data thus collected with the data in each hospital's admissions book. We also validated the quality of data entry by comparing the data collected for the 75% of patients who were transferred to the referral hospital with the data appearing in the books.
In the referral hospital data were prospectively collected by junior research physicians who provided 24-hour coverage. This data collection included all data elements collected for referred patients in the primary hospital. Validation confirmed the accuracy of data extraction in primary hospitals. The referral hospital tended to identify the specific poison ingested, whereas primary hospitals tended to list only the chemical class. This is important because agents belonging to the same chemical class vary substantially in their toxicity. Poisoning exposure data that aggregates exposures by chemical groups is seldom useful for developing effective public health response measures, including regulatory restriction of specific compounds. 9 In the study district the transfer rate from primary hospitals to the referral hospital was very high. In Sri Lanka, transfers are initiated by physicians in primary hospitals; there are few barriers and no fixed protocol. As previously noted, the resultant double-counting of transferred cases in official statistics leads to large underestimates of the mean case-fatality rates for all poisonings. 8 During the study period, deaths from acute poisoning totalled 177 in all hospitals in the study district. Previous studies in the district showed that 96% of deaths from pesticide ingestion occur in public hospitals. This probably reflects easy access to the public health system and the fact that the most toxic pesticides that can cause a rapid death are banned.
14,15
Data on "all admissions," used by the government to derive the population incidence, overestimated the incidence of self-poisoning by about 60%. In 2007, 5118 cases of acute poisoning occurred in Anuradhapura district, for an official incidence of 639 per 100 000. 16 In our study, the observed "true" population incidence of acute poisoning in 2008-2010 was 461
per 100 000 (2962 annual cases on average). A casual reader might assume that incidence of acute poisoning has changed dramatically, whereas the difference can be entirely explained by the double counting. In contrast, in our study the estimated average true annual incidence of death from acute poisoning was almost identical to the rate derived from "all admissions," used for government statistics: 14.1 per 100 000 (113 deaths per year on average) 16 from government statistics versus 15.2 per 100 000 (125 deaths per year on average) in our study.
Our "gold standard" study, intended to identify the most accurate hospital admission data set required to calculate the incidence of acute poisoning, required a large team of research assistants and auditors and labour-intensive data linkage to avoid undercounting or double counting cases. Such complicated surveillance is unlikely to be practical in a broader, Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.11.092114
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non-research public health setting. This study suggests that referral hospital admissions data can yield incidence and case-fatality estimates very close to the "true" or "gold standard"
figures in many respects and are therefore the best hospital data set for this purpose.
Collecting data from larger referral hospitals only has other advantages over collecting it from dozens of small primary hospitals. The large number of patients justifies prospective data collection by a small team, which makes it much easier to ensure good data quality and to collect the data more quickly and efficiently. Data can easily be expanded to include more details on exposure or on the circumstances surrounding the poisoning, the specific chemical used and the clinical management required. Such data can facilitate public health education, research and interventions.
In Sri Lanka, most hospital admissions for acute poisoning are deliberate selfpoisonings. Surprisingly, the small, primary hospitals provided little data regarding the less serious occupational and other accidental exposures. Although our study showed minor differences in the type of acute poisoning cases presenting to primary hospitals, referral hospital data captured most of these patients and was generally a better source of data for calculating incidence and case-fatality than primary hospital admissions data. Current government statistics have the additional problem of being based largely on coded data from all hospitals, and as a result they only contain data for the poison's chemical class (four broad categories) and for patient age and sex. The lack of details on specific types of poison limits the use of government statistics for targeting regulatory responses and assessing interventional studies. In our study relatively few deaths occurred in primary hospitals, and this further confirms that such hospitals correctly identify and transfer nearly all high-risk patients. 17, 18 However, transferred cases rarely died of medication poisoning, which suggests that few such patients need to be transferred for more intensive treatment. Reducing these transfers may save health resources.
Our results may be applicable to rural districts in developing countries at large, particularly if their health systems and referral patterns are comparable to those of Sri Lanka.
In this country's rural provinces, most patients live within 30 minutes (by motorized vehicle transport) of a primary hospital, and primary hospitals are typically at a distance of 1 to 4 hours from the referral hospital by vehicle transport. Public health care is free; the private sector is relatively underdeveloped and poisonings very rarely present to private hospitals.
The toxicity of the poisons ingested in Sri Lanka is such that poisoned patients usually reach the hospital alive and seldom die during transfer or have a worse outcome than patients who a Sum of all direct acute poisoning admissions to the district's primary hospitals and its referral hospital (i.e. all admissions minus transfers).
b All admissions to primary hospitals only (all are direct admissions, not referrals).
c All admissions (both direct and transfers) to the referral hospital.
d Raw total of all admissions to all hospitals in the district (routine method used for government statistics, which double counts patients transferred to referral hospitals).
e No age was recorded for 21 patients. 
